n , 3, have been synthesized using solvothermal methods. Complexes 1-3 were characterized by IR spectroscopy, elemental analysis and single-crystal X-ray diffraction. Complexes 1 and 2 are tetranuclear manganese clusters, while complex 3 has a one-dimensional network based on tetranuclear Mn 4 (L 1 ) 2 -(CH 3 COO) 6 (H 2 O) 2 building units (L 1 is 2-{[2-(6-chloropyridin-2-yl)hydrazinylidene]methyl}-6-methoxyphenolate). Magnetic studies reveal that complexes 1-3 display dominant antiferromagnetic interactions between Mn II ions through 2 -O bridges. In addition, 1-3 also display favourable electrochemiluminescence (ECL) properties.
Introduction
In recent decades, due to the fact that polynuclear metal complexes possess fascinating functional applications in the fields of science and technology, they have received considerable attention, exhibiting magnetic (Bao & Zheng, 2016; Han et al., 2015; Kitchen, 2017; Zhang et al., 2013 Zhang et al., , 2014 , fluorescence (Zhang et al., 2017; Xiao et al., 2015a,b; Qin et al., 2012) , optical (Gwo et al., 2016; Suess et al., 2016) , electronic (Lee et al., 2013) and catalytic properties (Liu et al., 2010; Xuan et al., 2012) , as well as being used in the treatment and diagnosis of a variety of diseases (Guerra et al., 2016; and as components in various kinds of sensors (Wen et al., 2016; Kaushik et al., 2017; Zhang et al., 2018a,b) . In particular, among diverse transition-metal polynuclear complexes, manganese complexes show fascinating properties and variable structures because manganese possesses larger spin ground states, flexible coordination modes, various coordination numbers and variable valence state, such as +2, +3, +4, +5, +6 and +7 (Oszajca et al., 2016; Soldatova et al., 2017) . In addition, many aspects of the synthesis can affect the structure and nuclearity of transition-metal polynuclear complexes, such as the metal ions involved, ligands, concentration, counter-ions, templates, solvents, temperatures and pH values (Avila et al., 2016; Davies et al., 1996; James et al., 1996; Gao et al., 2016) .
On the other hand, electrogenerated chemiluminescence, commonly referred to as electrochemiluminescence (ECL), is a process in which electrochemically generated species combine to undergo highly energetic electron-transfer reactions that emit light from the excited states (Bertoncello & Forster, 2009 ). In recent years, scientists (Richter, 2004; Afsharan et al., 2016; Zhang et al., 2017) have reported many ECL-active complexes which have attracted particular attention due to their potential to be used in chemical/biochemical sensors, molecular logic gates, molecular memories and display devices (Li et al., 2012; Wang et al., 2015) . But most of the compounds which are used as ECL luminophores are Ir-, Ru-, Pt-, Re-, Os-and Cd-based compounds (Richter, 2004) . These compounds contain precious metals or a highly toxic heavy metal, such as Cd, which raises serious health and environmental concerns and also the high economic cost. As a result, this would limit the extensive applications of the kinds of compounds used in ECL sensors. It is very interesting that recently reported transition-metal complexes which are evidently 'green' and exhibit good ECL activity can also be used as ECL luminophores (Zheng et al., 2009; Feng et al., 2016; Zhang et al., 2017) . Herein, we report three novel manganese complexes, 1-3 (see Scheme 1), and studied their ECL and magnetic properties.
Experimental
2.1. Synthesis and crystallization 2.1.1. Synthesis of HL 1 . A mixture of 2-hydroxy-3-methoxybenzaldehyde (Hmbd; 10 mmol, 1.522 g), (6-chloropyridin-2-yl)hydrazine (10 mmol, 1.44 g) and ethanol (20 ml) in a 100 ml three-necked flask was refluxed at 353 K for 2 h. The colour of the solution changed to brown and was enriched at 353 K for 2 h. A brown powder was obtained by filtration, washed with ethanol (3 Â 5 ml) and dried in air (yield: 2.72 g, ca 98%, based on Hmbd). Analysis calculated (%) for HL 1 , C 13 H 12 ClN 3 O 2 : C 56. 13, H 4.28, N 15.27; found: C 56.21, H 4.32, N 15.14. IR data for HL 1 (KBr, cm À1 , see .94 (s, 1H), 7.60 (t, J = 7.9Hz, 1H), 6.99 (d, J = 8.2 Hz, 1H), 6.97-6.93 (m, 1H), 6.91 (dd, J = 6.6, 2.6 Hz, 2H), 6.87 (d, J = 7.6 Hz, 1H), 3.96 (d, J = 3.4 Hz, 3H).
2.1.2. Synthesis of HL 2 . HL 2 was prepared in a similar way to HL 1 , except that (6-chloropyridin-2-yl)hydrazine was replaced by (6-bromopyridin-2-yl)hydrazine. A yellow powder was obtained by filtration, washed with ethanol (3 Â 5 ml) and dried in air (yield: 3.25 g, ca 97%, based on Hmbd). Analysis calculated (%) for HL 2 , C 13 H 12 BrN 3 O 2 : C 48. 43, H 3.72, N 13.07; found: C 48.45, H 3.73, N 13.04 . IR data for HL 2 (KBr, cm À1 , see 10.53 (s, 1H), 8.25 (s, 1H), 7.92 (s, 1H), 7.57 (t, J = 7.9 Hz, 1H), 6.97 (d, 1H), 6.93-6.91 (m, 1H), 6.89-6.88 (m, 2H), 6.85 (d, 1H), 3.94 (s, J = 3.4 Hz, 3H).
3 were obtained (yield: 0.104 g, ca 72%, based on Mn 2+ ). Analysis calculated (%) for 3, C 19 H 22 ClMn 2 N 3 O 9 : C 39. 23, H 3.81, N 7.22; found: C 39.28, H 3.72, N 7.24 . IR data for 3 (KBr, cm À1 , see Fig. S1 in the supporting information): 3441, 3210, 2933, 1573, 1474, 1346, 1215, 1170, 1118, 1089, 1025, 1003, 856, 756, 734, 658. 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 1 . All H atoms were positioned geometrically and refined using a riding model. For H atoms on C atoms, C-H = 0.96 (CH 3 ) or 0.93 Å (aromatic) and U iso (H) = 1.2U eq (C) for aromatic H atoms and 1.5U eq (C) for methyl H atoms. For H atoms on N and O atoms, N-H = 0.86 Å and O-H = 0.8753-0.8769 Å , with U iso (H) = 1.5U eq (O,N). The occupancies of CH 3 COO and HCOO for 1 are 0.584 (17) and 0.416 (17), respectively. The value of R int is greater than 0.12 for 3.
Electrochemical luminescence
Electrochemical luminescence tests were performed using an MPI-A Electrochemical workstation (Xi An, China). All experiments employed a standard three-electrode cell; the reference electrode was an Ag/AgCl electrode, the auxiliary electrode was a platinum wire and the working electrode was a glassy carbon electrode (GCE) with a diameter of 1 mm (CV in DMF). The supporting electrolyte was 0.1 mol l À1 potassium peroxydisulfate (K 2 S 2 O 8 ) in DMF.
Results and discussion

Synthetic aspects
Many synthetic parameters can affect the structure, nuclearity and properties of transition-metal polynuclear complexes, such as the metal ions involved, ligands, concentration, counter-ions, templates, solvents, temperatures, the molar ratio of metal ions to ligand and pH values (Avila et al., 2016; Davies et al., 1996; James et al., 1996; Gao et al., 2016; . Initially, we reacted HL with Mn(CH 3 COO) 3 Á4H 2 O in a DMF and ethanol mixed solution under the same solvothermal reaction conditions as described by Zhang et al. Table 1 Experimental details.
research papers
Experiments were carried out with Mo K radiation using a Agilent SuperNova Single Source diffractometer with an Eos detector. Absorption was corrected for by multi-scan methods (CrysAlis PRO; Agilent, 2014 Computer programs: CrysAlis PRO (Agilent, 2014) , SHELXS97 (Sheldrick, 2008) , SHELXL2018 (Sheldrick, 2015) and OLEX2 (Dolomanov et al., 2009 ).
Figure 1
The molecular structure of 1, with some of the H atoms omitted for clarity. Displacement ellipsoids are drawn at the 30% probability level.
[Symmetry code: (iv) Àx + 1, Ày + 1, Àz + 1.] (2018a). Two tetranuclear manganese clusters, i.e. 1 and 2, were obtained and these are different from the trinuclear manganese clusters of Zhang et al. (2018a) . We think this is caused by the difference in ligand structures. Comparing the ligands in the present article with those in the literature (Zhang et al., 2018a) , we found that the former ligands have one more O atom. When the number of metal ions is increased until the metal ion-ligand ratio is 2:1, under the same conditions, we obtained compound 3, which is a tetranuclear manganese polymer. This indicates that the molar ratio of metal ion to ligand affects the structure of the resulting complex.
Description of the crystal structures
3.2.1. Crystal structure of 1. Single-crystal X-ray diffraction analysis reveals that 1 belongs to the triclinic space group P1. The tetranuclear cluster is formed by four Mn II ions, two 2-{[2-(6-chloropyridin-2-yl)hydrazinylidene]methyl}-6-methoxyphenolate (L 1 ) ligands, 5.17 acetate ligands and 0.83 formate ligands derived from the oxidative decomposition of DMF ( Fig. 1 and Scheme 1). The core of complex 1 contains four Mn II ions arranged in a linear manner. The central metalmetal distance [Mn2Á Á ÁMn2 iv ; symmetry code: (iv) Àx + 1, Ày + 1, Àz + 1] is about 1.188 Å longer than the Mn1Á Á ÁMn2 and Mn1 iv Á Á ÁMn2 iv distances, which is due to the different coordination modes of the acetate groups. The structure of 1 can be viewed as two dinuclear Mn 2 (L 1 )(CH 3 COO) 2 units linked by two syn-anti 2 -acetate-2 O:O 0 bridging groups. The coordination environments of the Mn1 and Mn2 atoms are different. Continuous Shape Measure (CShM) calculations (Llunell et al., 2013; Alvarez et al., 2005) indicated that the coordination environment of the Mn1 atom lies mid-way between a square pyramid and a trigonal bipyramid, which was also indicated by the 5 value. 5 values are calculated from the largest () and the second-largest () L-Mn-L angles according to the method of Addison et al. (1984) for five-coordinate structures [ 5 = ( À )/60]. Hence, a trigonal bipyramidal structure with D 3h symmetry has 5 = 1, while a square-pyramidal structure with C 4v symmetry has 5 = 0. Herein, 5 = (152.48 À 127.54)/60 = 0.42, which is close to the median of 0.5. The Mn1 atom is coordinated with two O and one N atom from one L 1 ligand [Mn1-N1 = 2.236 (4) Å , Mn1-N3 = 2.225 (4) Å and Mn1-O1 = 2.090 (3) Å ] and two O atoms from different acetate groups [Mn1-O6 = 2.049 (4) Å and Mn1-O7 = 2.063 (4) Å ]; the O1 and N1 atoms are at the apical positions. The Mn2 atom, on the other hand, is in a distorted octahedral geometry, with cis-O-Mn-O angles in the range 70.85 (12)-106.08 (13) and Mn-O bonds of 2.092 (3)-2.331 (3) Å from four acetate groups and a 2 -L 1 ligand. Dinuclear units are further connected into a tetranuclear manganese cluster through two syn-anti bridging acetate ligands, which link the molecules into a linear chain along the z axis through N-HÁ Á ÁO hydrogen bonds [N2-H2Á Á ÁO4 i = 2.879 (5) Å ; Table 2 ], which is shorter than the reported N-HÁ Á ÁO (3.119 Å ) hydrogen bond of [Ni 7 (immep) 6 (MeO) 6 ](NO 3 ) 2 (Himmep is 2-iminomethyl-6-ethoxyphenol; Xiao et al., 2016) . The one-dimensional (1D) chains are reinforced by intrachaininteractions [the -ii distance between the benzene and pyridine rings of two L 1 ligands is 3.515 (1) Å ; symmetry code: (ii) Àx + 1, Ày + 1, Àz], which is shorter than the reporteddistance (3.733 Å ) of two parallel benzene rings in the complex {[Mn(timb) 2 (H 2 O) 2 ]-Cl 2 ÁH 2 O 2 } n [timb is 1,3,5-tris(imidazol-1-ylmethyl)benzene] (Yin et al., 2010) (Fig. S3 in the supporting information). It should be noted that the 1D chains are extended into a twodimensional (2D) supramolecular network through C-HÁ Á ÁCl hydrogen bonds [C15-H15AÁ Á ÁCl1 iii = 3.133 (1) Å ; Table 2 ] ( Fig. S4 in the supporting information). In the 2D supramolecular network, the L 1 ligands are parallel to each other. It is interesting that the L 1 coordination mode does not vary, with two of the three N atoms and the adjacent O atom chelating to one Mn atom, and both O atoms chelating to another Mn atom, while the acetate groups revealed two different coordination modes, i.e. syn-syn and syn-anti (Dojer et al., 2015) .
3.2.2. Crystal structure of 2. Single-crystal X-ray diffraction analysis reveals that 2 belongs to the monoclinic space group P2 1 /c. The tetranuclear cluster is formed by four Mn II ions, two 2-{[2-(6-bromopyridin-2-yl)hydrazinylidene]methyl}-6-methoxyphenolate (L 2 ) ligands and six acetate groups ( Fig. 2 The molecular structure of 2, with some of the H atoms omitted for clarity. Displacement ellipsoids are drawn at the 30% probability level.
[Symmetry code: (iii) Àx, Ày + 1, Àz + 2.] Table 3 Hydrogen-bond geometry (Å , ) for complex2.
Symmetry code: (i) Àx þ 1; Ày þ 1; Àz þ 2. Table 2 Hydrogen-bond geometry (Å , ) for complex1. (Llunell et al., 2013; Alvarez et al., 2005) indicate that the coordination environment of Mn1 lies mid-way between a square pyramid and a trigonal bipyramid, which was also indicated by the 5 value, i.e. [ 5 = ( À )/60] = (153.63-123.18)/60 = 0.4925, which is close to the median of 0.5. The structure of 2 can be viewed as two Mn 2 (L 2 )(CH 3 COO) 2 dinuclear units linked by two 2 -acetate-2 O:O groups. The dinuclear units are connected into tetranuclear manganese clusters through two syn-anti acetate bridges which form a 1D chain through N-HÁ Á ÁO hydrogen bonds [N2-H2Á Á ÁO6 i = 2.817 (5) Å ; Table 3 ]. The 1D chains are reinforced by intrachaininteractions [the -ii distance between L 2 ligands is 3.455 (2) Å ] ( Fig. S5 in the supporting information) which constructs a threedimensional (3D) supramolecular network through OÁ Á ÁBr interactions [O7Á Á ÁBr1 ii = 3.027 (3) Å ; symmetry code: (ii) x, Ày + 1 2 , z À 1 2 ] and C-HÁ Á ÁO hydrogen bonds [C4-H4Á Á ÁO3 i = 3.240 (1) Å ; Table 3 ]. In the 3D supramolecular network, the dihedral angle between the L 2 ligands of adjacent 1D chains is 74.5 , which is different from complex 1. In adjacent 1D chains of 1, the ligands are parallel to each other.
3.2.3. Crystal structure of 3. Single-crystal X-ray structure analysis reveals that 3 belongs to the monoclinic system space group P2 1 /c (Table 1 and Scheme 1). As shown in Fig. 3 , the complex contains an acetate-bridged dinuclear-based onedimensional chain of formula [Mn 2 (L 1 )(CH 3 COO) 3 (H 2 O)] n (3). The core of the molecule contains two independent Mn II ions which form tetranuclear [Mn 4 (L 1 ) 2 (CH 3 COO) 6 (H 2 O) 2 ] secondary building units (SBUs) through a syn-anti acetate bridge. The coordination environments of the two Mn II atoms are different. Mn1 is in a distorted octahedral geometry coordinated by two O atoms from one 2 -L 1 ligand [Mn1-O4 = 2.220 (6) Å and Mn1-O5 = 2.343 (7) Å ], and three O atoms from two syn-anti and one syn-syn acetate groups [Mn1-O9 ii = 2.100 (6) Å , Mn1-O6 = 2.116 (8) Å and Mn1-O8 = 2.175 (6) Å ; symmetry code: (ii) x, Ày + 1 2 , z + 1 2 ] and one water molecule [Mn1-O3 = 2.195 (6) Å ]. The Mn2 atom also displays a distorted octahedral geometry coordinated by two N and one O atom from one L 1 ligand [Mn2-N1 = 2.286 (8) Å , Mn2-N3 = 2.252 (7) Å and Mn2-O4 = 2.121 (6) Å ], two O atoms from a 2 O,O 0 acetate group Mn2-O1 = 2.375 (7) Å and Mn2-O2 = 2.240 (6) Å ] and one O atom from a syn-syn acetate group [Mn2-O7 = 2.075 (7) Å ]. The dinuclear units form a 1D chain through syn-anti acetate bridging groups (Fig. 4) which construct a 3D supramolecular network through N-HÁ Á ÁO hydrogen bonds [N2-H2Á Á ÁO1 i = 2.818 (10) Å ; The molecular structure of 3, with some of the H atoms omitted for clarity. Displacement ellipsoids are drawn at the 30% probability level. Table 4 Hydrogen-bond geometry (Å , ) for 3. Symmetry codes: (i) Àx þ 1; Ày; Àz; (ii) x; Ày þ 1 2 ; z þ 1 2 ; (iii) x; y; z þ 1.
Figure 4
The 1D chain of 3.
3.454 (10) Å ; symmetry code: (iv) Àx + 2, Ày + 1 2 , Àz+1] ( Fig. S5 in the supporting information). It should be noted that the acetate groups reveal three different coordination modes: one is syn-syn symmetrical bridging, the second is syn-anti symmetrical bridging, but with one O atom hydrogen bonded to a water molecule, and the third is asymmetric chelating (Dojer et al., 2015) .
Magnetic properties
The magnetic susceptibilities ( M ) of 1-3 were measured using crushed single-crystal samples. The DC susceptibilities Electrochemical luminescence plots for complexes 1-3.
Figure 5
Plots of M T and M versus T measured in a 1000 Oe field for (a) 1, (b) 2 and (c) 3. of 1-3 were measured under an applied field of 1 kOe at temperatures ranging from 2 to 300 K.
The plots of M and M T versus T are shown in Fig. 5 . The M versus T curves shows maxima at approximately 2, 2.5 and 2.8 K for 1-3, respectively, indicative of weak antiferromagnetic coupling (Pence et al., 1996) . At room temperature, the spin-orbital coupling of the four Mn II ions results in M T values of 8.06, 10.77 and 8.77 cm 3 K mol À1 for 1-3, respectively, which are much less than the spin-only value of 17.5 cm 3 K mol À1 for the four S = 5 2 non-interacting highspin Mn II ions, assuming g = 2.0 (Liu et al., 2011) . These are, however, slightly less than the value of 16.2 cm 3 K mol À1 reported previously for [Mn 4 (DBA) 4 (bix)] [H 2 DBA is 4,4 0methylenedibenzoic acid and bix = 1,4-bis(imidazol-1-ylmethyl)benzene] (Liu et al., 2011) . The M T product decreases steadily with decreasing temperature and tends to zero at very low temperatures, indicating an overall antiferromagnetic behaviour. Since the spin carriers are all d 5 Mn II ions, and therefore orbital singlet ions, only the isotropic part of the exchange interaction was considered and the contribution of the zero-field splitting was neglected (Pence et al., 1996) . Similar magnetic behaviours was observed for [Mn 4 (DBA) 4 -(bix)] (Liu et al., 2011) .
The temperature dependence of the reciprocal susceptibility ( M À1 ) above 15 K follows the Curie-Weiss law [ M = C/(T À )], with Weiss constant = À14.25 K for 1, À21.85 K for 2 and À36.478 K for 3, and Curie constant (cm 3 K mol À1 ) C = 8.44 for 1, 11.677 for 2 and 9.848 for 3 (see inset in Fig. 5 ). The negative Weiss constant here also supports the existence of intramolecular antiferromagnetic interactions among the four Mn II ions.
Electrochemiluminescence (ECL) properties of 1-3
The ECL of pure complexes 1-3 is displayed in Fig. 6 . Cyclic voltammetry (CV) was studied in order to gain insight into the redox properties of these complexes. Fig. S6 of the supporting information shows the experimental results of CV with glassy carbon electrodes (GCE) modified with complexes 1-3. For 1, when K 2 S 2 O 8 was added to the solution, an oxidation peak in the cathodic current at À1.8 V and a reduction peak at À0.70 V in the cathodic current were observed. The CV curves for complexes 2 and 3 are similar to that of 1.
For complexes 1-3, the maximum luminous intensities were about 2386, 1338 and 1270 a.u., respectively. After six or seven cycles, the luminosity of 3 remained constant, but the luminosities of 1 and 2 decreased clearly. We believe that the stability of electrochemical luminescence is related to the stability of the complex in solution.
Conclusion
Three novel manganese complexes were synthesized using the solvothermal method. The results indicate that the molar ratio of metal ions to ligand affects the structure of the resulting complex. Complexes 1 and 2 are tetranuclear manganese clusters, while complex 3 has a 1D network based on tetra-nuclear [Mn 4 (L 1 ) 2 (CH 3 COO) 6 (H 2 O) 2 ] building units. Complexes 1-3 display dominant antiferromagnetic interactions between the Mn II ions through 2 -O bridges. In addition, all three complexes displayed favourable electrochemiluminescence (ECL) properties. For all structures, data collection: CrysAlis PRO (Agilent, 2014) ; cell refinement: CrysAlis PRO (Agilent, 2014) ; data reduction: CrysAlis PRO (Agilent, 2014) ; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008) ; program(s) used to refine structure: SHELXL2018 (Sheldrick, 2015) ; molecular graphics: OLEX2 (Dolomanov et al., 2009) ; software used to prepare material for publication: OLEX2 (Dolomanov et al., 2009 ). where P = (F o 2 + 2F c 2 )/3 (Δ/σ) max = 0.005 Δρ max = 0.56 e Å −3 Δρ min = −0.42 e Å −3 Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Refinement. The diffraction data of 1-3 were collected on a SuperNova, Single source at offset, Eos with graphite monochromated Mo-Ka radiation (λ = 0.71073Å), using the ω-θ scan mode in the ranges 3.46° ≤ θ ≤ 25.1° (1), 3.42° ≤ θ ≤ 25.01° (2), 3.41° ≤ θ ≤ 25.00° (3). The raw frame data were integrated with the CrysAlisPro program. The structures 1-3 were solved by direct methods using SHELXT (Sheldrick, 2015 (Sheldrick, , 2015a and refined by full-matrix least-squares on F 2 using SHELXL-2018 within the OLEX-2 GUI (Dolomanov, et al. 2009 ). An empirical absorption correction was applied with spherical harmonics, implemented in SCALE3 ABSPACK scaling algorithm. All non-hydrogen atoms were refined anisotropically. Computer programs: CrysAlis PRO, Agilent Technologies, Version 1.171.37.35, SHELXL (Sheldrick, 2015) , Olex2 (Dolomanov et al., 2009) .
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Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
x y z U iso */U eq Occ. (<1) Mn1 0.50279 (10) 0.26363 (7) 0.16494 (6) where P = (F o 2 + 2F c 2 )/3 (Δ/σ) max = 0.001 Δρ max = 0.48 e Å −3 Δρ min = −0.96 e Å −3 Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Refinement. The diffraction data of 1-3 were collected on a SuperNova, Single source at offset, Eos with graphite monochromated Mo-Ka radiation (λ = 0.71073Å), using the ω-θ scan mode in the ranges 3.46° ≤ θ ≤ 25.1° (1), 3.42° ≤ θ ≤ 25.01° (2), 3.41° ≤ θ ≤ 25.00° (3). The raw frame data were integrated with the CrysAlisPro program. The structures 1-3 were solved by direct methods using SHELXT (Sheldrick, 2015 (Sheldrick, , 2015a and refined by full-matrix least-squares on F 2 using SHELXL-2018 within the OLEX-2 GUI (Dolomanov, et al. 2009 ). An empirical absorption correction was applied with spherical harmonics, implemented in SCALE3 ABSPACK scaling algorithm. All non-hydrogen atoms were refined anisotropically. Computer programs: CrysAlis PRO, Agilent Technologies, Version 1.171.37.35, SHELXL (Sheldrick, 2015) , Olex2 (Dolomanov et al., 2009) .
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) where P = (F o 2 + 2F c 2 )/3 (Δ/σ) max < 0.001 Δρ max = 1.17 e Å −3 Δρ min = −0.65 e Å −3 Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Refinement. The diffraction data of 1-3 were collected on a SuperNova, Single source at offset, Eos with graphite monochromated Mo-Ka radiation (λ = 0.71073Å), using the ω-θ scan mode in the ranges 3.46° ≤ θ ≤ 25.1° (1), 3.42° ≤ θ ≤ 25.01° (2), 3.41° ≤ θ ≤ 25.00° (3). The raw frame data were integrated with the CrysAlisPro program. The structures 1-3 were solved by direct methods using SHELXT (Sheldrick, 2015 (Sheldrick, , 2015a and refined by full-matrix least-squares on F 2 using SHELXL-2018 within the OLEX-2 GUI (Dolomanov, et al. 2009 ). An empirical absorption correction was applied with spherical harmonics, implemented in SCALE3 ABSPACK scaling algorithm. All non-hydrogen atoms were refined anisotropically. Computer programs: CrysAlis PRO, Agilent Technologies, Version 1.171.37.35, SHELXL (Sheldrick, 2015) , Olex2 (Dolomanov et al., 2009 0.068 (5) 0.041 (5) 0.053 (5) 0.016 (4) 0.012 (4) −0.008 (4) C4 0.071 (7) 0.036 (6) 0.050 (5) 0.002 (5) 0.020 (5) −0.012 (4) O7 0.079 (5) 0.048 (5) 0.084 (5) −0.016 (4) 0.026 (4) −0.005 (4)
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